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ABSTRACT 
Pumping c h a r a c t e r i s t i c s  of  a  r o t a t i n g  t r u n c a t e d  
cone having a  major  d i a m e t e r  o f  20.3 cm and a  minor 
d i a m e t e r  of 1 2 . 7  c m  were determined a t  speeds  up t o  
30,000 rpm, The s u r f a c e  o f  t h e  cone had a  semi-apex 
a n g l e  o f  45 d e g r e e s  and a  c o n s t a n t  r a d i a l  gap o f  
.406 cm, O p e r a t i n g  c h a r a c t e r i s t i c s  cou ld  be a p p r o x i -  
mated u s i n g  e q u a t i o n s  f o r  enc losed  r o t a t i n g  d i s k s .  
by S o l  H, Garland and James C, Wood 
Lewis Research Cen te r  
SUMMARY 
A smooth-surface  Lunde l l - type  o f  a l t e r n a t o r  r o t o r  hav ing  c o n i c a l  
s e c t i o n s  w i t h  a  major  d i a m e t e r  of  20,3 cm and a  minor d i a m e t e r  o f  
12.7 cm was o p e r a t e d  a s  a  pump a t  speeds  from 0  t o  30,000 rpm, The 
c o n i c a l  s u r f a c e  had a  semi-apex ang le  of  45 d e g r e e s  and a  gap w i d t h  
of .406 cm. Head-flow c h a r a c t e r i s t i c s  were determined a t  t h r e e  
o p e r a t i n g  s p e e d s ;  18,000, 24,000, and 30,000 rpm, I t  was found 
t h a t  t h e  o p e r a t i n g  c h a r a c t e r i s t i c s  cou ld  be approximated by e q u a t i o n s  
f o r  e n c l o s e d  r o t a t i n g  d i s k s ,  
I NT RODU CTI ON 
A L u n d e l l  g e n e r a t o r  i s  b e i n g  i n v e s t i g a t e d  f o r  use  i n  Brayton 
c y c l e  space  power s y s  terns ( r e f .  1 ) .  A t  t h e  s p e e d s  invo lved  (24,000 
rpm and 36,000 rpm), a  s i g n i f i c a n t  amount o f  h e a t  i s  g e n e r a t e d  by 
windage l o s s e s ,  One method under  c o n s i d e r a t i o n  t o  remove t h i s  h e a t  
i s  t o  c i r c u l a t e  t h e  a l t e r n a t o r  c a v i t y  gas  th rough  a  h e a t  exchanger  
by means o f  t h e  pumping c h a r a c t e r i s t i c s  o f  t h e  c o n i c a l  s e c t i o n s ,  
The gas  f low i n  t h e  r o t o r - s t a t o r  gap i s  t u r b u l e n t ,  Tay lo r ,  Wendt, 
and P a i  ( r e f s ,  2, 3, and 4, r e s p e c t i v e l y )  have s t u d i e d  t u r b u l e n t  
f low f o r  c o n c e n t r i c  c y l i n d e r s .  However, t h e s e  s t u d i e s  were made 
u s i n g  l a r g e  gaps ,  v i z .  , g a p - t o - r a d i u s  r a t i o s  o f  0 , l  t o  0.23, Ref - 
e r e n c e  5 p r e s e n t s  a  p r e l i m i n a r y  s t u d y  o f  windage l o s s e s  f o r  con- 
c e n t r i c  r o t a t i n g  c y l i n d e r s  u s i n g  g a p - t o - r a d i u s  r a t i o s  o f  0.01 t o  
0.04,  t h e  range  c o n s i d e r e d  f o r  space  power a l t e r n a t o r s ,  S t u d i e s  
of enc losed  r o t a t i n g  d i s k s  producing t u r b u l e n t  f low can be  found 
i n  r e f e r e n c e s  6 and 7 ;  t h e  gap- to - rad ius  r ' a t i o s  f o r  t h e s e  i n v e s t i -  
g a t i o n s  ranged from 0 , 0 1  t o  0 - 2 2 ,  N o , i n f o r m a t i o n  i s  a v a i l a b l e  on 
t h e  pumping c h a r a c t e r i s t i c s  of  enc losed  r o t a t i n g  c o n i c a l  s e c t i o n s ,  
A Lunde l l  t y p e  o f  r o t o r  hav ing  c o n i c a l  s e c t i o n s  w i t h  a  major  
d i a m e t e r  o f  20 ,3  cm and a  minor d i a m e t e r  of  12.7 cm was t e s t e d  a t  
speeds  from 0  t o  30,000 rpm, The c o n i c a l  s u r f a c e  had a  semi-apex 
a n g l e  o f  45 d e g r e e s  and a  c o n s t a n t  gap width  o f  0,406 cm. The 
head-flow c h a r a c t e r i s t i c s  o f  t h e  c o n i c a l  s e c t i o n s  were determined 
a t  t h e  t h r e e  r o t a t i o n a l  speeds  o f  1.8,000, 24,000, and 30,000 rpm. 
For t h r  t e s t s  t h e  r o t o r  was surrounded by a m b i e n t  a i r ,  
characteristic dimension 
a c c e l e r a t i o n  o f  g r a v i t y  
p re s su re  head 
speed  
volumetr ic  flow r a t e  
i n l e t  volumetr ic  f l o w  r a t e  
minor cane r a d i u s  
major cone r a d i u s  
s tandard  temperature ,  288.15' K 
i n l e t  temperature 
pressure  r i se  
dens i ty  
angular  v e l o c i t y  
The pump r e s t  a p y a r a  t r l s  c o n s T s t e l d  o f  a  s t a t o r  housirlg and a  
smooth rotor s u p p o r t e d  a t  each  end on b a l l  b e a r i n g s ,  The s t a t o r  
was f i x e d  t o  t h e  t e s t  bed,  A v a r i a b l e - s p e e d  dynamometer was used 
t o  d r i b e  t h e  r o t o r ,  F igure  1 i s  a  photograph o f  t h e  pump w i t h  t h e  
upper  h a l f  of t h e  s t a t o r  removed, t h e  r o t o r  and s t a t o r  each hav ing  
two c o n i c a l  s e c t i o n s  o p e r a t i n g  a s  pumps i n  p a r a l l e l ,  
A cutaway view of  t h e  pump i n  f i g u r e  2 shows p e r t i n e n t  dimen- 
s i o n s  and t h e  l o c a t t o n  o f  t h e  p r e s s u r e  and t empera tu re  i n s t r u m e n t a -  
t i o n ,  The gas f low e n t e r s  t h e  r o t o r - s t a t o r  c l e a r a n c e  passage  a t  
each end o f  t h e  r o t o r ,  then p a s s e s  through each c o n i c a l  pumping 
s e c t i o n ,  and e x j t s  through f i v e  r a d i a l  o u t l e t s  spaced c i rcumferen-  
t i a l l y  abou t  t h e  s t a t o r ;  on ly  one o f  t h e s e  r a d i a l  o u t l e t s  i s  shown 
i n  f i g u r e  2 ,  The f lows  from t h e  f i v e  r a d i a l  o u t l e t s  a r e  manifo lded 
t o g e t h e r  and p iped  through bo th  a  f lowmeter  and a f l o w - c o n t r o l  v a l v e  
b e f o r e  b e i n g  d f scharged  back t o  t h e  atmosphere,  
Each t e s t  r u n  was s t a r t e d  a t  z e r o  speed w i t h  t h e  f l o w - c o n t r o l  
v a l v e  i n  t h e  c l o s e d  p o s i t i o n ,  A s  speed was i n c r e a s e d  i n  s t e p s ,  
speed,  t empera tu re  and p r e s s u r e  d a t a  were t aken  f o r  t h e  llno-flow'l 
c o n d i t i o n ,  A t  18 ,000,  24,000, and 30,000 rpm, f low was v a r i e d  by  
u s i n g  t h e  c o n t ~ ~ o l  v a l v e ,  A f t e r  head-flow d a t a  were t a k e n  a t  30,000 
rpm, d a t a  f o r  t h e  " f u l l - , f l o w w  c a n d i t j o n  were t a k e n  a s  speed was reduced 
i n  s t e p s  t o  z e r o ,  Speed, p r e s s u r e ,  and f low were a l lowed t o  come t o  
s t e a d y - s t a t e  c o n d i t i o n s  a t  each p o i n t  b e f o r e  t h e  d a t a  were r ecorded ,  
R o t a t i o n a l  speed,  f low,  t e n p e r a t u r e s ,  and d i f f e r e n t i a l  p r e s s u r e s  
were measured, Speed was rneasurted b y  means o f  a  magnet ic  p ickup and 
a  60- too th  g e a r  on t h e  s h a f t  o f  t h e  dynamometer, The s i g n a l  genera ted  
was s e n t  t o  a  c o u n t e r  arid r ecorded ,  R o t a t i o n a l  speed cou ld  be  con- 
t r o l l e d  w i t h i n  5 rpm, Flow measureri~erits were made u s i n g  a  t u r b i n e  
f lowmeter .  The o u t p u t  of  t h e  f l o w r n ~ t e r  was s e n t  t o  a  d i g i t a l  c o u n t e r  
and recorded ,  A c t u a l  f low was then computed from a  f lowmeter  c a l i -  
b r a t i o n  curve ,  Accuracy o f  f l o w  measurement i s  e s t i m a t e d  t o  be 5 p e r -  
c e n t ,  
iill ~ c w I ! ) ~  . ,,I i 1 1 ~  ' 3 P I t '  iiit * ~ S L I I Y  ( 1  ;rig i i ~ ~ n -  c o n s t a n t a n  type-,] 
t k i e x  grlO('c,ilF, I F - ' s .  * r e  i l ,d~t  2 ( 1  r 1 % ~  t t2erm:?y8~?!ll  1 0 %  Ciiere rnout~ted 011 the 
I \ C J L L >  i ~ n g ,  pack C' 4 t C ~ I  id1 11g h~ L J w d y  ~ i ' i - i i  i l i i 3  gap a t  t h c  a x i a l  l o c a t i o n s  
s t i c ~ i u r ~  f I-: f i g ; ! r~  2 A E ~ ~ n ' t r ?  bare-bpi  ke  t h e r r n o ~ o u p L ~  rneasurccl gas  
terrrperature st r h c l  -i rrl e t to  t h e  f lowmeter-* 
The pumping h e a d - r i s e  i n  t h e  c o n i c a l  s e c t i o n s  was measured by 
means o f  a df  f f e r e n t i a l - p r e s s u r e  t rar lsducer  having a f u l l - s c a l e  
range o f  1 - 7 2  newtons p e r  square  cent i rnetcr .  An i n t e g r a t i n g  
d i g i t a l  v o l t m e t e r  measured t h e  tr.ansducer o u t p u t ,  and t h e  t r a n s d u c e r  
was c a l i b r a t e d  u s i r ~ g  a p r e c i s i o n  Bourdon-tube p r e s s u r e  gage. Readings 
on t h e  t r a n s d u c e r  had an accuracy o f  .15 p e r c e n t  of  f u l l - s c a l e ,  
T;I S CUSS1 ON OF RESULTS 
Ilead-flow performance o f  t h e  c o n i c a l  s e c t i o n s  o f  t h e  Lundel l -  
t y p e  r o t o r  o p e r a t i n g  a t  18,000, 24,000, and 30,000 rpm i s  shown by 
t h e  nond3mensional cu rves  i n  f i g u r e  3, The p r e s s u r e  c o e f f i c i e n t  
i s  t h e  ra t - fo  of  t h e  measured p r e s s u r e  r i s e  t o  t h e  k i n e t i c  energy 
of the  f l u i d ,  
- 
L$P = pressnl-e 17-ise 
f? = d e n s i t y  
= angular. speed of ro tor .  
ro = majol* cone r a d i u s  
P r e s s u r e  c o e f f i c i e ~ n t  i s  p r o p o r t i o n a l  t o  t h e  s i m i l a r i t y  parameter  
H/ (NU) where 
H = pr-essure head 
N = speed 
D = c h d l c a c t e r i s t i c  dimension 
The flow c o e f f i c i e n t  i.s t:hc.; 1-atio of the a x i a l  f low v e l o c i t y  t o  t h e  
r o t o r  v e l o c i t y ,  a r ~ d  i s  p r o p o r t i o n a l  t o  t h e  s i m i l a r i t y  parameter  
Q / N D ~ -   he a c t u a l .  term used is Q j / W  r.2 where Q1 = i n l e t  volume flow 
r a t e ,  Flow was measured a t  the common o u t l e e  for t h e  two c o n i c a l  
s e c t i o r ~ s .  X L I  f l o w  rTa tes  'i\rt:'i:e r e l a t e d  haclc to the i n l e t  c o n d i t i o n s  
..,-.. u s i n g  t h e  perft-ic-t gas  Law, i t  was assumed t h a t  tl-ie f lows were 
icit,:ii_.i;i-al . for?  i i $6, l-vio liL!:!ips i n  par.a.l.'ipl, 
F i g u r e  3 stlows approximately  cne and one-half  p e r c d n t  d~ f f e r e i i c - e  
between each speed a t  t h e  l o w  F l o w  en3 and 10 p e r e e a t  d i f  f e k - r ~ ~ e  a t  
maximum f low,  I n l e t  temperature could n o t  be mints ined  cans c a r d  
d u r i n g  t h e  t e s t ,  The curve  f o r  18,000 rpm was ob ta ined  dt 30 dkgrees  
C + 3-5 degrees  (1:; at 24,000 rpm t h e  t empera tu re  was 46 degrees  C 4- 
8.7 degrees  C ;  and a t  30,000 rpm t h e  t empera tu re  was 63 degrees  C $- -
11 degrees  C .  
The deadhead (no-flow) p r e s s u r e  r i s e  f o r  t h e  r o t a t i n g  t r u n c a t e d  
cones can  be p r e d i c t e d  w i t h i n  10 p e r c e n t  u s i n g  e q u a t i o n s  g i v e n  i n  
r e f e r e n c e  7 f o r  e n c l o s e d  r o t a t i n g  d i s k s .  The assumption must be made 
t h a t  t h e  average c o r e  v e l o c i t y  i s  one-half  t h e  r o t o r  speed,  I f  e i t h e r  
f low o r  p r e s s u r e  r i s e  i s  g iven ,  t h e  c u r v e s  p r e s e n t e d  i n  r e f e r e n c e  7 can 
be used t o  approximate  t h e  o p e r a t i n g  p o i n t .  For d e s i g n  purposes ,  when 
a  c o n i c a l  pump of  t h i s  type is  t o  be used i n  a system, t h e  sys tem 
o p e r a t i n g  p o i n t  may b e  determined by super imposing a  curve  of sys tem 
p r e s s u r e  drop v s  f low on t h e  pump c h a r a c t e r i s t i c  c u r v e  i n  f i g u r e  3. 
The head r i s e  w i l l  e q u a l  t h e  sys tem p r e s s u r e  drop.  No s u r g i n g  ( f low 
p u l s a t i o n )  was noted f o r  t h e  pump t e s t e d  even w i t h  z e r o  flow. 
F igure  4  p r e s e n t s  pump head r i s e  (g) v s  c o r r e c t e d  speed,  NE 
where TI = i n l e t  t empera tu re ,  g  =. a c c e l e r a t i o n  o f  g r a v i t y ,  and T, = 
288.15 dcegrees K. The two c u r v e s  correspond t o  t h e  deadhead and-maxi- 
mum f low c a s e s .  The deadhead p r e s s u r e  cErve a g r e e s  w i t h  t h e  c u r v e  p r e -  
s e n t e d  i n  r e f e r e n c e  8 f o r  a  s i m i l a r  r o t a t i n g  t r u n c a t e d  cone w i t h  a  gap 
o f  0,203 cm (gap- to - rad ius  r a t i o  of 0.02).  No e f f e c t  of gap wid th  was 
no ted  on t h e  deadhead p r e s s u r e .  Head r i s e  is s e e n  t o  v a r y  a s  t h e  speed 
squared .  
The c u r v e  i n  f i g u r e  5 shows t h e  v a r i a t i o n  i n  i n l e t  volu.me f low r a t e  
w i t h  c o r r e c t e d  speed. The f low p l o t t e d  cor responds  t o  t h e  maximum f low 
f o r  t h e  sys tem t e s t e d .  Plow i s  s e e n  t o  v a r y  d i r e c t l y  w i t h  speed.  
A smooth s u r f a c e  L,undell- type of a l t e r n a t o r  r o t o r  having c o n i c a l  
s e c t i o n s  w i t h  a  major d iamete r  of 20.3 cm and a  minor diameter  of 12.7 
cm was o p e r a t e d  a s  a pump over a  speed range from 0 t o  30,000 rpm. The 
c o n i c a l  s u r f a c e  had a  semi-apex a n g l e  o f  45 d e g r e e s  and a  gap wid th  of 
0.406 cm. Head-flow c h a r a c t e r i s t i c s  were determined a t  18,000, 24,000 
and 30,000 rpm, T e s t i n g  was conducted u s i n g  ambient a i r ,  R e s u l t s  of 
t h e  t e s t s  showed t h a t :  
1, For a  giverr f low, t h e  o p e r a t i n g  p o i n t  of a  c o n i c a l  puillp can 
be apprcpxirnated u s i n g  e q u a t i o n s  f o r  enc losed  r o t a t i n g  d i s k s .  
2, The  r e t a t  ing t r u n c a t e d  cones a c t  as t y p i c a l  pumps w i t h  the 
head rise prirpurt-fiirria l t o  the b;peed s q u a r e d  and f l o w  proportional t i r  
t l ~ e  s p e e d ,  
3 ,  Cl1~  gap w a i l r i i  !la; m t g l i g - ~ b l t  e f f e e  t on t.be deadlzeaded 
pirC;;YUS-E: r'r' i8i , 
4 ,  A c t i n g  ds p~r i tp s ,  t h e  coolcaL s e c t i o n s  were s t a b l e  and d i d  
n o t  surg& at any f 1 CW, t \ e n  z e r o ,  
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Figure I. - Pump with upper half of stator removed. 
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